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ABSTRACT 
The study was conducted in Dilling locality Northern part of South 
Kordofan State (Nuba Mountains) during the year 2006 to determine 
whether ewes grazing tropical pasture during the dry season would respond 
to supplemental protein in form of urea. 
Sixty Nuba mountain ewes were used in this study. The ewes were 
allocated into two treatments with 30 sheep per treatment one group was 
supplemented with urea dissolved in drinking water (1% of total feed 
intake/ewe),and the second group were kept on natural pasture only during 
the wet and dry season (three months for each season). Sample of pasture 
plant species was collected during rainy and wet season for chemical 
composition and dry matter degradability. 
The study indicated that Ewes accessed to urea in drinking water had 
higher body weigh gain at both wet and dry season than un-supplemented 
ewes. However, unsupplemented ewes during the dry season lost weight. 
Kids’ birth weight was improved significantly (P<0.05) when mothers 
accessed to urea in drinking water during the dry season but not during the 
wet season. Moreover, kids of mothers accessed to urea in drinking water 
gain more weight with a significant (P<0.05) increment during the dry 
season. 
Changes in body weigh in wet season in both matured sheep and Kids 
indicate that pastures herbage is capable of promoting productivity of sheep, 
but to sustain the productivity of sheep grazing in the dry pasture N 
supplement should be provided. 
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 ﺍﻟﺨﻼﺼﺔ
  
ﺨـﻼل ( ﺠﺒﺎل ﺍﻟﻨﻭﺒﺔ )ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ  ﻓﻲ ﻤﺤﻠﻴﺔ ﺍﻟﺩﻟﻨﺞ ﺒﻭﻻﻴﺔ ﺠﻨﻭﺏ ﻜﺭﺩ ﻓﺎﻥ  
 ﻴﻭﺭﻴﺎ ﻟﻠﻨﻌﺎﺝ ﺍﻟﺘﻲ ﺘﺭﻋﻰ ﻓﻲ  ﺇﻤﻜﺎﻨﻴﺔ ﺇﻀﺎﻓﺔ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ  ﺼﻭ  ﻡ ﻟﻤﻌﺭﻓﺔ 6002ﺍﻟﻌﺎﻡ 
  .ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻤﺩﺍﺭﻴﺔ ﻓﻲ ﻤﻭﺴﻡ ﺍﻟﺠﻔﺎﻑ
ﺼـﻴﻑ  ﺭﺍﺱ ﻟﻜل ﻤﻌﺎﻤﻠـﺔ ﻟﻔﺘـﺭﺘﻴﻥ 03 ﺭﺍﺱ ﻤﻥ ﺍﻟﻨﻌﺎﺝ  06ﺃﺠﺭﻴﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ 
ﺘﻤﺕ ﺇﻀﺎﻓﺔ ﺍﻟﻴﻭﺭﻴﺎ ﻤﻊ ﻤﺎﺀ ﺍﻟﺸﺭﺏ  ﻟﻤﺠﻤﻭﻋﺔ ﻓﻲ ( ﺜﻼﺙ ﺍﺸﻬﺭ ﻟﻜل ﻓﺘﺭﺓ ) ﻭﺨﺭﻴﻑ 
  .ﺍﻟﻔﺘﺭﺘﻴﻥ
ﻋﺸﻭﺍﺌﻴﺔ ﻤﻥ ﻨﺒﺘﺎﺕ ﺍﻟﻤﺭﻋﻰ ﻓﻲ ﺍﻟﻔﺘﺭﺘﻴﻥ ﻭﺤﻠﻠـﺕ ﺒﻭﺍﺴـﻁﺔ ﺍﻟﺘﺤﻠﻴـل   ﺃﺨﺫﺕ ﻋﻴﻨﺎﺕ 
  .ﺍﻟﺘﻘﺭﻴﺒﻲ ﻟﻠﻤﺭﻜﺒﺎﺕ
ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺍﻟﻨﻌﺎﺝ ﺍﻟﺘﻲ ﺘﺘﻨﺎﻭل ﻤﺎﺀ ﺸﺭﺏ ﺒﻪ ﻴﻭﺭﻴﺎ ﺴﺠﻠﺕ ﺃﻭﺯﺍﻥ ﺃﻋﻠﻰ ﻤـﻥ 
ﺃﻤﺎ ﺍﻟﺘـﻲ  ﻻ ( ﺼﻴﻑ ﻭﺨﺭﻴﻑ )ﻓﻲ ﺍﻟﻔﺘﺭﺘﻴﻥ ( ﻨﻘﻰ )ﻭل ﻤﺎﺀ ﺨﺎﻟﻲ ﻤﻥ ﺍﻟﻴﻭﺭﻴﺎ ﺍﻟﺘﻲ ﺘﺘﻨﺎ 
ﺯﻴﺎﺩﺓ  ﺃﻭﺯﺍﻥ ﺍﻟﻨﻌﺎﺝ . ﺘﺘﻨﺎﻭل ﻴﻭﺭﻴﺎ ﻤﻊ ﻤﺎ ﺍﻟﺸﺭﺏ ﺴﺠﻠﺕ ﻨﻘﺹ ﺃﻭﺯﺍﻨﻬﺎ ﺨﻼل ﺍﻟﺼﻴﻑ 
  .ﺍﻟﻤﻭﺍﻟﻴﺩ  ﺃﻭﺯﺍﻥ ﺃﺩﺕ ﺇﻟﻰ ﺯﻴﺎﺩﺓ   ﺍﻟﺘﻲ ﺘﺸﺭﺏ ﻤﺎﺀ ﺒﻪ ﻴﻭﺭﻴﺎ
ﺎﺠﻴﺔ ﺨـﻼل ﻓﺘـﺭﺓ ﻤﻥ ﺨﻼل ﺍﻟﺩﺭﺍﺴﺔ ﺃﺘﻀﺢ ﺃﻥ ﻨﺒﺎﺘﺎﺕ ﺍﻟﻤﺭﻋﻰ ﻗﺎﺩﺭﺓ ﻋﻠﻰ ﺯﻴﺎﺩﺓ ﺍﻹﻨﺘ 
  .ﺍﻟﺨﺭﻴﻑ ﻭ ﻟﻼﺴﺘﻤﺭﺍﺭ ﻓﻲ  ﺯﻴﺎﺩﺓ ﺍﻻﻨﺘﺎﺠﻴﻪ ﻓﻲ ﻓﺘﺭﺓ ﺍﻟﺼﻴﻑ ﻴﺠﺏ ﺇﻀﺎﻓﺔ ﺍﻟﻨﺘﺭﻭﺠﻴﻥ
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INTRODUCTION 
Within the zone of low rain woodland savanna, pasture is the principal 
feed resource for the national ruminant livestock herd (Harrison, 1955; 
Bunderson, 1984). Empirical evidence indicates that the body condition of 
grazing livestock is at best during the rainy season when herbage is growing, 
and it deteriorates during the dry season when pasture ceases to grow.  
Low productivity rates of animal production are observed in animals 
grazing in tropical areas. One of the main constrains under those conditions, 
is the limited intake associated with a low N concentration and digestibility 
of the tropical grasses (Stonacker, 1975). Therefore, protein supplementation 
may be one alternative to increase animal production in the tropics. Ruminal 
degraded protein is the limiting nutrient for growing ruminants grazing this 
type of forages (Ramos et al., 1998). Urea and true protein supplement have 
been used to improve fiber digestibility and animal production (Walli, 
1994). The beneficial effects of these supplements are associated with an 
increase in cellulotyic bacteria and therefore, improved NDP digestion in 
low quality forage (Wallace, 1994).  
Therefore, the objective of this study was to determine whether ewes 
grazing tropical pastures during the dry season would respond to 
supplemental protein in the form of urea. 
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CHAPTER ONE 
LITERATURE REVIEW 
1.1 Management systems  
  Livestock management systems within south Kordofan may be 
broadly grouped into sedentary and migratory systems, but there is a 
considerable overlap and a continual change. The migratory herds and flocks 
of the transhumant annually follow an approximate north- south movement, 
to optimize use of the available grazing and water; but also in response to 
the wet season. Prevalence of biting insects in the higher rainfall and heavier 
soil areas, and to the difficulties of stock movement in the heavy clay soils 
during the wet season .there is a gradual trend towards partial sedentarisation 
Sedentary livestock (primarily cattle) spend the whole year in or 
around the home area of their owners; however, there is an increasing trend 
for some traditionally sedentary stockowners to shift more towards 
transhumance, or to arrange for part of the total herd to be cared for by 
transhumant herders. 
1.1.1 The sedentary systems  
Sedentary livestock systems are characterized by generally much smaller 
herds per family than in the nomadic system, with farming being the primary 
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concern of the owner, and herding entrusted to younger family members. 
Livestock are usually kept within or adjacent to the village at night, and 
commonly in zaribas (thorn bush corrals). There is generally no 
supplementation, although forage cowpeas are occasionally grown, and 
peanut hay is sometimes stored and fed. Calves are often kept separately 
from the herd to facilitate milk collection, and suffer drastically at the 
expense of human nutrition, as they do in migratory systems. Nutrition and 
resultant performance are usually considerably poorer in sedentary than 
migratory herds. 
There is little or no effort to compensate for the markedly inferior grazing. 
There is some local seasonal movement even with sedentary herds, 
conditioned by available water and grazing and by the avoidance of biting 
insects and mud. For example, during the wet season around the jebel areas, 
cattle are kept in zarebas on or adjacent to the jebels for the wet season, and 
graze in the vicinity; there may be a subsequent shd t trek to nearby well-
drained areas, where the herd is maintained while water is readily available; 
then a return to new zarebas adjacent to the farms to facilitate the utilization 
of crop residues; and finally grazing on nearby range with watering from 
wells until the beginning of the wet season.  
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An important feature of the sedentary system is that grazing areas are 
generally severely degraded. As with migratory systems, grazing 
management practices are not planned to maintain the long-term 
productivity of the range on some areas of infertile soils, cattle are 
commonly herded onto fields to be cropped the following season, and to 
manure the soil.  
1.1.2 The Migratory systems 
The migratory system in general presents very efficient utilization of 
resources. The major migratory routes in south Kordofan are marked 
differences western, central and eastern areas in pattern of movement and in 
the range of associated problems. The average herd size of Nuba Mountain 
sheep is18.7head (SKRDP, 1986).  
SKRDP (2003) reported that range lands are in relatively good 
condition although pockets of degradation and deviation of natural 
vegetation dynamic trends can be seen at various sites especially along the 
northern boundaries of the state. Also bush fires occur due to various reasons 
and destroy dry grass and vegetation. Lack of water particularly in 
southeastern part of state limits the utilization of available grazing during the 
dry season. And public stock water, facilities have deteriorated due to lack 
of maintenance caused by insufficient government funds and because of 
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civil strife.  
One of the major components of the IFAD financed  south Kordofan 
rural development programs (SKRPD)is livestock production and range 
management that well improve veterinary services , restock smallholders, 
provide stock water facilities and develop and inequitable  range 
management strategy .  
1.1.3 Pastoral systems:  
It is estimated that 70% the total population of the state are settled 
agro-pastoralists. Pastoralists comprise about 30% of the state rural 
population. Originally they were all nomadic raising cattle, sheep, and 
smaller number of goats. Nomads who are migratory cattle herders from 
about 25% of the population of south Kordofan, but own over 80% of 
livestock. There are pastoralists who keep manly camels and sheep 
originating from northern Kordofan for dry season grazing. They have 
increased in number since the 1984 drought in north Kordofan.  
1.1.4 Nomadic migration  
The wet season migration is from June / July to October when the 
nomads migrate from southern part of the state and the boarder states (Upper 
Nile and Unity) to escape from Tsetse flies and muddy condition until they 
reach the Qoz and semi arid-lands in the north (Dilling and Rashad 
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Provinces and southern lands in Shiekhan province in north Kordofan state). 
Dry season migration ( Masiaf) is from October / November to May . It 
starts during the last two week of October, depending on the rainfall , and 
pastoralists reach their Masiaf  in November or early December. 
Nomad’s migratory routes are called Maraheel .there is six main 
maraheel extending from Masiaf to Makhuraf. Each murhal   has many 
stations called Makhata (Singular), places   where nomads stay for one night 
and then move. The distance between two successive Mukhatat should not 
exceed 10 Km. However during the last 10 years the situation changed either 
due to blockage of Makhatat by villager's farms or civil strife, planned 
mechanized or traditional farms. The journey between Masiaf and Makharuf 
takes 3-4 weeks, or in some cases a month, depending on availability of 
water and grazing along the Muraheel . Smallholders who comprise about 
70% of the population of the state (1993 census) own 20% of the livestock 
and practice sedentary livestock population systems the herders are also 
cultivates. Sedentary smallholders were affected by civil strife and have lost 
most of their herds. Transhumant production system is practiced by around 
5%of population of the state in spite of the obvious advantages of the 
nomadic system there seem to be many disadvantages .Trekking animal 
move over long distance ,which may extend over 100Km in a year ,and this 
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exert tremendous stress which may lead to overall poor production and 
health. Beside, nomadic herds face many problems including expansion of 
mechanized agriculture which extends over traditional cattle routes. 
Availability of water along stock routes is of great important (SKRDP, 
2003)   
1.2 Livestock population    
In south Kordofan a wide range of livestock is raised. The most 
important are cattle, sheep, goats and equines and to a lesser extent Pigs in 
non-Muslim areas. Due to successive drought in North Kordofan, large 
herds of camels and desert sheep migrate in dry season to browse on forage 
trees and bushes in central and southern parts of the state. About 90% of the 
camels and 10%of sheep in south Kordofan belong to northern pastoralists 
(SKRDP, 2003). 
Livestock distribution depends on availability of drinking water and natural 
grazing. 
Trends in live stock distribution depend to a large extent on the 
prevailing natural environment, water, forage as well as on economic and 
social factors. The high percentage of the sheep population increase may be 
due in part to the lucrative export sheep market .The high percentage 
increase in camels is due to environment degradation in the north which 
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caused the migration of large camel population to south Kordofan (SKRDP, 
2003). 
1.3 Natural pasture 
Within the zone of low rain woodland savanna, pasture is the principal 
feed resource for the national ruminant livestock herd (Harrison, 1955; 
Bunderson, 1984). Empirical evidence indicates that the body condition of 
grazing livestock is at best during the rainy season when herbage is growing, 
and it deteriorates during the dry season when pasture ceases to grow. Under 
the prevailing condition of the Sudan, hand feeding of conserved pasture and 
or supplementation during the dry season seems to provide the most 
practical and economically feasible alternative feeding systems to effect an 
all year round sustenance of livestock production (Mohammed and Salih, 
1991). 
 In the tropic livestock production is based on animals adapted to 
stressful condition, obtaining all their nutrients from forage plant that are 
equally well adapted to survive under severe conditions by developing more  
vascularized tissue and secondary chemical compound. The assessment of 
the nutritional value of tropical forages could be greatly accelerated by 
Appling models developed with temperate forages and based on amass of 
information (Hogan 1988). 
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 Low quality forages are defined here as those forages which are less 
than 55%digstible and are deficient in true protein (less than 8%) and low in 
soluble sugars and starch (usually less than 10%). Low quality forages are 
not used as the basis of diets in most temperate country, but in tropical and 
subtropical countries often comprise practically the whole diets of ruminants 
either grazing or fed under subsistence conductions. In tropical and 
subtropical countries crop residues are major component of a diet for large 
ruminant for considerable part of or throughout the year (Jackson, 1981). 
1.4 Supplementation 
Leng (1993) reported that in the majority of developing countries 
ruminants depend on by-products of agriculture or graze forages of 
relatively poor nutritional value. 
One of the major constrains to livestock productivity in the regain is 
the inadequacy of nutritious feed on a year-round basis (Cook and Fadlalla, 
1987). 
The situation was farther aggravated by the successive drought spells 
which hit the region during the past two decades resulting in acute feed 
shortage and – water defects. Heavy use of range lands, occurrence of 
uncontrolled burning and encroachment of Dry land cultivation into 
rangelands triggered change in botanical composition and dominance of 
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annual grasses and forbs (ELwakeel and Abu sabah, 1993).These annual 
plants grow, reach maturity, dry out and form standing natural hay of low 
nutritive value (EL Hag, 1992).  
The Impact of poor dry season nutrition on small ruminant flocks is 
reflected in seasonality of production (Dilskin and Niswender, 1989), weight 
losses and high mortalities in both young and adult animals (Yoder et al ., 
1990).  
Recent evaluation of findings from studies in tropical countries has 
indicated that medium to high levels of production at very high feed 
conversions efficiencies can be achieved by ruminants on poor quality 
forages adequately supplemented with critical nutrients (Preston and Leng, 
1987). Possible avenues for integrated livestock – crop production in the 
region could be through utilization of crop residues and agricultural by-
products for animal feeding, growing of dual purpose crops and/or forage 
legumes introduction into the cropping systems (El-Hag and Elwakeel, 
1998). 
The economics and nature of additional feed supplements however 
shall depend on the seasonal changes in both quantity and quality of the 
natural herbage (Mohammed and Salih, 1991). 
Moreover, to enhance the utilization of crop residues, various 
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treatment methods have been developed during the past century. Sodium 
hydroxide (NaOH) has proved to be the most efficient in improving the 
feeding value of roughages among the many alkalis evaluated. Despite the 
dramatic improvement in the utilization of NaOH-treated roughages NaOH 
is less attractive than before due to the unavailability in developing countries 
as well as its hazardous nature for farmers and the environment. 
Males (1987) stated that for developing countries the use of urea as a 
source of ammonia seems to be more practical methods. However, the cost 
of the more practiced does 4 to 5%, for the treatment is unbearable for the 
majority of farmers, particularly in remote areas of Asia and America 
.Animal urine as source of ammonia, is old but not often adopted course due 
to many constrains, mainly urine collection, storage, and handling . 
Although calcium hydroxide is comparatively cheap and effective, the 
presence of mold is the main problem. 
El-hag and Elwakeel (1998) recommended that forage legumes 
growing in rotation with other crops or on fallow land could lead to 
improvement of nutritional status of small ruminant flocks that normally 
depend upon dry grasses of low nutritive value during the dry season. 
However, intensive extension efforts should be undertaken to 
convince the farmers to incorporate forage legumes in to their farming 
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system.  
In south Kordofan quite a good portion of the land is put under 
traditional and undemarcated mechanized farming especially in the clay 
plains of the Acacia mellifera vegetation type. As a considerable number of 
sedentary livestock is present during the dry season, sorghum Stover's 
treated with molasses and urea will fetch a profitable market and many of 
the farmers and animal raisers will follow it if they are shown the 
techniques. Although most of the livestock depend on the rangelands, even 
during the dry season, still there is a considerable number that depend on 
other sources to meet their requirement and of those; 52%  use crop residues, 
39% use concentrates, and 9% use grown fodder. Intercropping dual purpose 
leguminous crops with sorghum will meet the objectives of improving soil 
fertility and provide feed for the livestock when the range plants are of low 
protein percentage. 
The following leguminous crops are proposed: Cow pea (Vigna 
sinerrsis), Pigeon pea (Cajanus cajan), Lablab bean (Lablab purpureus) and 
Guar (Cymopsis tetraglonolobia). Legumes when grown as a mixture with 
grasses have the ability of fixing atmospheric nitrogen through their nodules. 
The grasses can either make a direct use of the fixed nitrogen or the legumes 
leave the nitrogen available in the soil for the grasses and get their supply 
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from the nitrogen they have fixed (SKRDP, 2003).  
1.5. Requirement for ammonia  
Ensuring adequate NH3-N in the rumen to supply the majority of N 
for microbial growth is the first priority in optimizing fermentation digestion 
of the forage. Satter and slyter (1974) suggested that 50—80mg NH3-NH 
rumen fluid was the optimum for maximizing microbial growth yield and 
this has been widely accepted. Minson (1982) reported that forage intake is 
related to intake and potential of forage. And although no increase in straw 
digestibility was appeared above 100mg NH3-N /1, this may have been due 
to the crudity of the nylon bag method (Perdok, et al., 1988). 
The level of ammonia need is almost certainly depenent on the pH of 
the rumen contents and, there the relative NH3:WH4+ratio (Smith, 1989). 
The pH of the rumen is consistently high (6.5-7.0) where no concentrate is 
fed with poor- quality forages  (Susana and Leng, 1986) Report that lambs 
given wheat straw and molasses urea blocks also had similar abilities and 
consistently maintained their rumen NH3-N levels above 200mg/1. 
1.6. Requirement of N by the rumen microbes  
Ørskov (1992) reported that the minimum requirement for degradable 
N must be the potential yield of microbial N-This assumption will probably 
have to be modified when source of N like urea are used And where 
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degradation to ammonia occurs very rapidly. Other sources of NPN may 
better than utilized than urea although most of them cannot compete 
economically with urea. The N required by the rumen microorganism 
increases with increasing digestibility or concentration of ME, and increases 
if the availability of N falls owing to decrees in the degradability. If there is 
a deficiency of N, there are two serious consequences, both of which are 
related to the same phenomenon, namely ,depression in potential rate of 
degradation in the rumen .first there a  decrease in food intake . Secondary 
there is a decrease in digestibility, and since the microbial yield of nitrogen 
is at least theoretically related to rate of fermentation, it may also be 
expected that there is a reduction in protein supply to animal. 
Mehrez and Ørskov (1978) studied the effect of urea supplementation 
of whole Mays on consumption by lambs and found that the digestibility 
was increased by 8%, intake by 27% and food utilization by about 60%. 
Meggison et al (1979) observed that the microbial yield of N per unit of 
substrate fermented increase from 17.4 to 28.8g/kg of ferment a result of 
correcting N deficiency. Ørskov et al (1972), on the other hand, did not 
observe any detectable change in yield /until fermented; only the amount 
fermented was decreased when the N was inadequate. In the work of Mason 
and White (1971), it varied from 16 to 58% of the nitrogen The fourth 
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fraction that of indigestible dietary N will obviously vary directly with the 
content of indigestible N in the diet. Unless the dietary protein has been heat 
damaged or damaged by chemical treatment, this fraction is usually small as 
the true digestibility of dietary protein normally varied from 80-100%, 
(Ørskov, 1992). A greater accuracy of prediction of the microbial yield in a 
variety of circumstances will insure that the microbial requirement is met 
most efficiently .In the mean time, it appears reasonable to think of recycled 
urea as the safety factor , and to aim that the diets contains sufficient 
degradable N to meet the requirement of the microbes . If urea or other 
sources of NPN which are rapidly degraded to yield ammonia are used, it 
may be desirable to decrease the estimated utilization, particularly if the 
degradation is very different from the degradation of accompanying 
carbohydrate.  
Satter and Slyter (1974) reported in many instances, microbiological 
studies have aimed at determining the conditions where microbial yield of N 
is greatest it does not follow that the optimum rumen ammonia concentration 
is the same for both dry matter degradation and microbial yield. Optimal 
ammonia concentration will vary between cellulolytic and amylolytic 
fermentation or between different microbes (Mehrez and Øreskov, 1978). 
They also observed that only with a very homogenous NPN incorporation in 
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the diets and use of continuous feeder was it possible to create stable rumen 
ammonia concentrations.     
The main effect of a marked deficiency of fermentable N is to reduce 
feed intake due to reduce rate of fermentation in the rumen supplying urea to 
maintain high level of ammonia in the rumen (ie.> 200mg ammonia N/liter ) 
should optimize intake ,increase the rate and extent of digestion and increase 
microbial protein yield relative to VFA production. 
Urea has been widely used as a source of fermentable N to correct 
ammonia deficiency in the rumen, and although there is in theory, 
considerable need for additional fermentable N under extensive grazing 
conditions, responses to urea supplementation have been unpredictable ( 
Loosli and McDonald, 1968). 
One of the major problems associated with supplementing Grazing  
sheep with urea /molasses mixture is that nitrogen deficiency in the rumen is 
either easily recognized or predicted. The N content of the pasture or faeces, 
or even the moisture content of the faeces, may be indicative of when to 
begin supplementation. Ammonia concentration in rumen fluid is probably 
the best guide (Stephenson et al., 1984). Where urea has been sprayed onto 
low N pasture or infused continuously into the rumen of grazing animals, 
large increase in the intake of based diet have been observed Supplying urea 
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continuously to animals on diets based on low quality pasture has increased 
intake of the basal feed but has sodium led to growth rate of much above 
maintenance (Leng et al., 1977).  
Stephenson et al., (1981) demonstrated that supplementing ewes 
grazing dry pasture in a tropical semi-arid environment with urea  in the 
drinking water increase lamb interval, milk yield and lamb growth this is 
somewhat surprising since in theory, a peak, in rumen ammonia after 
drinking would have been followed ammonia concentration during the rest 
of the day. However, it may be explained if rumen bacteria are able to store 
a pool of nitrogenous materials to draw on when rumen ammonia levels are 
low .With ewes fed dry, low protein pasture hay the birth weigh of the lambs 
was increased from 2.9—3.2 kg by supplementation with urea either in the 
feed or in the drinking water (Stephenson et al., 1981). The most of the 
investigated range plants would not support the animal maintenance during 
the dry season, were as their nutritive value greatly reduced .Animals usually 
suffer from weight loss during the dry season, which subsequently affect 
their reproductive performance at the beginning of the next rainy season 
(Ahmed and Elhag, 2003). 
Ways and means have to be found to use the poor quality agricultural 
by products better and more than the current extent for small ruminant 
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production (Anbarasu et al.,2002). Average quality of cereal straws is 
available in our country, which together with other crop residues have to be 
classified as poor quality feeds because of their high fiber content, low 
protein and unbalanced minerals composition (Sudanson and Owen, 1984) 
farmers traditionally used protein supplements (oil cakes, bran and cereals)to 
improve nutritive value as dietary protein supplements is prohibitive. Trees 
and shrubs have a great value as dietary protein supplements (Devendra, 
1990).The use of multipurpose trees species as a supplement or a component 
in conventional concentrate has been shown to improve utilization of cereal 
straws (Naryan Dutta et al.,1999). Quantitative changes in forage protein 
occur during the ensiling process to available extent. For example, more than 
half of the original forage protein may breakdown of proteins may result in 
efficient nitrogein utilization by ruminants (Mc Donald et al., 1991).  
Elhag (1992) reported that the forage quality of South Kordofan rangeland 
declines sharply upon grass maturation. Due to the absence wet season 
grazing, these grasses are standing straws by the onset of dry season. Crude 
protein, digestible crude protein and energy density reached significantly 
lower (p<0.01) mean values by the end of December compared to their 
respective mean values at the early bloom stage. Nutrients are reported to be 
at maximum at the incipient flowering stage (Van Soest, 19 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Location of study Area: 
The study area is in Dilling locality located in the northern part of 
Southern Kordofan State. Average maximum temperatures vary between 
28C and 33Cfor most of the year with peaks of about 39C. Soils range from 
vertisols to sand dunes. 
2.2 Experimental animals and treatments: 
Sixty Nuba mountain ewes were used in this study. The ewes were 
allocated to two treatments with 30 sheep per treatment during the wet and 
dry season (three months for each season). One group was supplemented 
with urea dissolved in drinking water (1% of the total feed intake/ewe), 
whereas the second group was not supplemented. All sheep were left under 
natural grazing. Bodyweight of ewes were recorded at the start of 
experiment, then every two weeks until the end of the trial (first and second 
period). Offspring weighed each one week. All ewes were weighed in the 
morning before access to natural grazing and water. 
2.3 Sample collection: 
Sample of pasture plant species grazed by animals was collected 
during rainy and wet season. 
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2.4 Laboratory analysis: 
Proximate analysis for chemical components, dry matter, crude 
protein, ether extract, NDF, ADF and ash was determined according to 
AOAC (1980). 
2.5 In situ degradability:  
The organic matter degradation was determined using the nylon bag 
technique (Orskov et al., 1980). Nylon bags (bag size, 175 mm × 75 mm; 
pore size, 45 µm) containing 4 g of air dried sample were incubated in the 
rumen of two cannulated steers fed Abu 70 hay and 250 g concentrate in 
three consecutive periods for 4, 8, 16, 24, 48, 72 and 96 h. 
After removal from the rumen, the bags were immediately dipped in 
clod water to stop the microbial activity, thoroughly washed under tap water 
for about 25 minutes. Samples of 0 h, representing water soluble fraction, 
were prepared by washing bags, in triplicate, containing test samples for 25 
minutes. The residues were dried to a constant weight at 100 0C.  
2.6 Calculation and statistical analysis: 
 The result from in situ study fitted to exponential model p = a + b(1-
e-ct) of Ørskov and McDonald (1979) to determine the degradation 
characteristics of the incubated samples. 
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Data were analyzed by analysis of variance for a completely 
randomized design (Steel and Torrie, 1980). Where the F-test was 
significant, the treatment means were compared using least significant 
differences (LSD). 
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CHAPTER THREE 
RESULTS 
The chemical composition of the natural grazing in wet and dry 
season is shown in Table 1. The ash and crude fiber contents of grasses 
during the dry season are significantly (P<0.05) higher than those during the 
wet season whereas the CP, EE, NFE and ME are significantly (P<0.05) 
higher during the wet season. 
3.1 Dry matter degradability 
The proportion of DM disappearance from grasses during the wet and 
the dry season at various periods of incubations in the rumen is shown in 
figure 1. At all time of incubation the proportion of DM disappearance from 
grasses during the wet season tended to be higher than the values for grasses 
during the dry season.  
The in-situ degradation characteristics for grasses during the wet and 
the dry season are presented in Table 2. The slowly degradable fraction (b) 
was higher and lag time (LT) was lower in grasses during the wet than the 
dry season. The potential degradability (PD) and effective degradability 
(ED) at all outflow rates ranking grasses during the wet season higher than 
grasses during the dry season. 
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Table1. Chemical composition (%) and estimated metabolizable energy 
(MJ/kg) of grasses during wet and dry season in Nuba Mountain 
 
 
 
 
 
 
 
 
 
 
 Ash CP CF EE NFE ME 
Dry 13.49a 2.90b 44.0a 1.18b 36.25b 8.29b 
Wet 12.95b 15.35a 33.95b 1.51a 38.44a 9.08a 
SE 0.02 0.21 0.05 0.07 0.21 0.02 
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Table 2. Dry matter degradability characteristics (%) of grasses during wet 
and dry season in Nuba Mountain 
 
 
 
 
 
 
 
 
 
 
a b C LT PD 
ED 
0.02 
 ED 
0.05 
ED 
0.08 
Dry 22.75a 36.45b 0.04a 3.20a 59.20b 46.90b 38.85b 34.95b 
Wet 23.10a 57.45a 0.04a 0.90b 80.55a 61.70a 49.0a 42.65a 
SE 0.50 1.35 4.00 0.30 0.85 0.71 1.21 1.27 
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Figure 1: Dry matter degradability of grasses at wet and dry season in Nuba 
Mountain 
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3.2 Animal performance: 
Ewes accessed to urea in drinking water had the highest body weigh gain at 
both wet and dry season than un-supplemented ewes. However, 
unsuplemented ewes during the dry season lost weight whereas the gained 
weight during the wet season. Kids’ birth weight was significantly improved 
(P<0.05) when mothers accessed to urea in drinking water during the dry 
season but not during the wet season. Moreover, kids of mothers accessed to 
urea in drinking water gain more weight with a significant (P<0.05) 
increment during the dry season. 
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 Table 3: Ewes body weight gain (g/d), and lamb’s birth weight (kg) and gain (g/d) of Nuba mountain sheep during 
wet and dry season 
  WET    DRY  
  - (n=28) + (n=28) - (n=26) + (n=25) 
Ewes BWG 11.83b ±4.22 28.56a ±4.22  -17.99c ±4.38 0.06b ±4.47 
Birth Wt (n=20) 2.22a ±0.06 2.19a ±0.06 1.78c ±0.06 1.98b ±0.06 
Kid BWG  94.34b ±8.45 98.00b ± 8.45  99.66b ± 8.45 125.02a± 8.45 
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Types of Nuba Mountains Sheep 
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Types of Nuba Mountains Sheep 
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Types of Nuba Mountains Lamp 
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Natural Pasture 
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CHAPTER FOUR 
DISCUSSION 
The main constraint to livestock production in Nuba Mountains is the 
inadequacy of nutritious feed during dry season which is reflected in 
seasonality of production and weigh loss.  Elhag (1992) reported that the 
forage quality of south Kordofan rangeland declines sharply upon grass 
maturation especially the critical nutrients (CP and soluble carbohydrate). 
Moreover, lack of water particularly in southeastern part of Kordofan State 
limits the utilization of available grazing during the dry season leaving 
animals to compete on a limited pasture’s resources (SKRDP, 2003).  
The chemical composition particularly, CP, EE, NFE and ME, are high in 
wet than dry season and declines sharply upon grass maturation in contrast 
to ash and CF contents. The decline in crude protein content in dry grass 
may be attributed to increased deposition of non nitrogenous materials 
concomitant with plant growth and development. Similar results were 
obtained by Mohammed and Salih (1991) and El hag (1992). The nylon bag 
technique provides means of ranking feeds according to the rate and extents 
of DM degradation. The higher concentration of CP and NFE in grasses 
during the wet season could explain their higher disappearance values 
(Tovar-Gomez et al., 1997; Zerbini et al., 2002). However, the increment of 
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lag time (LT) for grasses during the dry season might be attributed to the 
amounts of ash and CF (Fadel Elseed et al., 2007). 
The positive changes in body weigh of ewes in wet season indicated that 
pastures herbage is capable of promoting productivity of sheep due to the 
sufficiency of the critical nutrients like CP (Mohammed and Salih, 1991; 
Ahmed and Elhag, 2003). However, the sharp declines in CP and NFE 
during the dry season led animals to suffer from weigh loss which 
subsequently resulted in low birth weight of their offspring. This is in line 
with Ahmed and El hag (2003).  
Since CP content is far below the critical level of 7% for optimal rumen 
fermentation, supplementing grasses during the dry season with N sources 
elevates ruminal ammonia N concentration to provide rumen bacteria with 
their requirements to achieve maximum rates of fermentation (Fike et al., 
1995).  Therefore, ewes accessed to urea in drinking water during the dry 
season gained weight and reflected in a higher weight of their offspring 
compared to unsupplemented ewes. Similarly, Leng et al (1977) found that 
when urea was sprayed on low nitrogen pasture or infused continuously into 
the rumen of grazing animals, large increases in the intake of the basal diet 
have been observed. In addition, Stephenson et al (1981), reported that the 
supplemented ewes grazing dry pasture in a tropical semi-arid environment 
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with urea in the drinking water increase lambs interval, milk yield and lamb 
growth. 
Conclusion and Recommendations: 
The main constraint to livestock productivity is the inadequacy of nutritious 
fed during dry season which is reflected in seasonality of production and 
weigh loss. Forage quality of south Kordofan range land declines sharply 
upon grass maturation and CP content reached lower mean values by the end 
of December. The changes in body weigh in wet season in both mature 
sheep and Kids indicate that pastures herbage is capable of promoting 
productivity of sheep, but to sustain the productivity of sheep grazing the dry 
pasture N supplement should be provided. 
Urea, in future studies, should be offered at levels of 5 to 10% of the total 
feed intake/ewe.  
The animals should be owned by the researcher or institutional body to be 
free and without any pressure from the individual owners. 
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